INTRODUCTION
============

Hepatocellular carcinoma (HCC) is a common malignancy. It is one of the five most common cancers and the third most common cause of cancer-related deaths worldwide. HCC has a high prevalence in central and Southeast Asia because the etiology is predominantly viral hepatitis, which is a hyperendemic disease in Asia \[[@B1]\]. HCC is rare in Western countries, but incidence is increasing due to HCV infection and chronic alcoholism over the past 20 years \[[@B2]\]. HCC is also hyperendemic in Korea. According to the Korean Central Cancer Registry 2010, the age-adjusted incidence is 24.5 per 100,000 population, and HCC ranks as the second most frequent cause of cancer death in males and the fourth highest among females \[[@B3]\].

HCC is a highly aggressive and rapidly growing tumor with early vascular invasion \[[@B4]\]. It is difficult to operate on in many cases because of these characteristics and because it frequently occurs with liver cirrhosis. It is also highly resistant to standard chemotherapy \[[@B5]\]. Transarterial chemoembolization (TACE) and systemic chemotherapy have not demonstrated significant survival benefits. Target therapy including sorafenib has been introduced as a treatment for unresectable advanced HCC. Hence, there is still an urgent need for further identification of novel molecular markers to provide clinicians with useful information for patient prognosis and therapeutic options.

Astrocyte elevated gene-1 (*AEG-1*) is an oncogene, which was cloned in 2002 as an HIV and TNF-α-inducible gene in primary human fetal astrocytes. It is also called metadherin or LYsine-Rich CEACAM1 coisolated \[[@B6],[@B7]\]. The *AEG-1* gene is located on chromosome 8q22, and genomic amplification occurs in multiple cancers \[[@B8]\]. To date, various expression analyses have demonstrated that AEG-1 is overexpressed in many tumors, including cancers of the liver, colorectum, breast, stomach, bladder, prostate, esophagus, gallbladder, lung, ovary, endometrium, lymphoma, and glioma comprared with that in respective normal tissues \[[@B9]\]. The AEG-1 positive rate in HCC specimens is 93.6% \[[@B10]\]. Several studies have shown the mechanisms of overexpression. AEG-1 is a downstream gene of the Ha-ras and PI3K pathways and is activated by c-Myc or nuclear factor-κB and the mitogen activated protein kinase and Wnt/b-catenin pathways \[[@B11]\]. Tumor suppressor miRNA, such as miR-375, miR-136, and miR-137 downregulates AEG-1 expression in several cancers \[[@B12],[@B13],[@B14]\]. Furthermore, experimental analyses of AEG-1 gene knock-in models have shown that the AGE-1 protein plays important roles in tumorigenesis such as proliferation, invasion, metastasis, angiogenesis, and chemoresistance \[[@B15]\]. AEG-1 expression level clearly correlates with poor survival rate and prognosis in several cancers \[[@B9],[@B16],[@B17],[@B18],[@B19],[@B20]\].

Few studies have reported the clinical correlation between AEG-1 expression and prognosis in patients with HCC. In this study, we examined AEG-1 expression in different HCC tissues by immunohistochemistry (IHC) and determined the association among AEG-1 expression, clinicopathological characteristics, and survival of patients with HCC.

METHODS
=======

Patients and samples
--------------------

Eighty-five samples were collected from patients with HCC who underwent surgery and were histopathologically confirmed to have HCC at Soonchunhyang University, Cheonan and Bucheon Hospitals between January 2001 and January 2009. All patients with HCC were investigated, including 69 males and 16 females (mean age, 53 years; range, 27-74 years). None of the patients had undergone chemotherapy or radiation therapy before surgery, and no patient died within 30 days after surgery. All 85 patients were followed up. Cases lost during follow-up were not included within the sample. All clinicopathological data were collected by reviewing medical charts and pathological records, including liver cirrhosis, tumor size, Child-Pugh score, viral markers, histological differentiation, preoperative serum α-FP, prothrombin induced by vitamin K absence II (PIVKA-II), microvascular invasion, portal vein invasion, TACE, distant metastasis, and tumor stage ([Table 1](#T1){ref-type="table"}). The clinicopathological parameters followed the general rules for the study of primary HCC, 3rd ed. June 2007, Korea. Tumor stage was defined according to TNM classification of the American Joint Committee on International Union against Cancer, Okuda staging, Barcelona Clinic Liver Cancer (BCLC) staging of the American Association of for the Study of the Liver Disease and Modified Union for International Cancer Control (UICC) staging. Tumor differentiation (grade) was assessed according to the Edmondson and Steiner nuclear grading system (ES grade). This study was approved by the Institutional Review Board of the Soonchunhyang University, Cheonan Hospital.

IHC staining
------------

Sections (4 µm) of the formalin-fixed, paraffin-embedded tumor samples were deparaffinized in xylene and hydrated in a graded ethanol-distilled water series. The deparaffinized sections were immersed in 0.01M citrate buffer (pH 6.0) and heated (95℃) for 15 minutes in a microwave oven. Endogenous peroxidase activity and nonspecific immunoglobulin binding were consecutively blocked by sequential incubation with 3% hydrogen peroxide in methanol for 15 minutes and 10% normal goat serum for 10 minutes. The sections were incubated for 1 hour with primary rabbit anti-AEG-1 antibody (dilution, 1:100) (Abcam, Cambridge, MA, USA) at room temperature.

After washing in phosphate buffered saline (PBS, pH 7.4) three times for 5 minutes each at room temperature, the sections were incubated with Dako EnVision+System-HRP labeled perymer antirabbit (Dako, Carpentaria, CA, USA) for 40 minutes at room temperature. After washing in PBS, the sections were visualized with the Dako Liquid DAB+Substrate Chromogen System. The immunostained slides were observed by two independent pathologists after counterstaining with hematoxylin.

Semiquantitative analysis of AEG-1 staining
-------------------------------------------

Two independent pathologists, experienced in evaluating IHC and blinded to the clinical outcomes of the patients, reviewed all samples. They determined AEG-1 expression semiquantitatively by assessing the percentage of positively stained immunoreactive cells and staining intensity. The percentage of immunoreactive cells was scored as follows: 0 points, \<10%; 1 point, 10%-50%; and 2 points, \>50%. The staining intensity rating was as follows: 0, no staining; 1, weak staining; 2, moderate staining; and 3, strong staining. As a result, the overall score for AEG-1 expression was the sum of the scores. The samples were divided into two groups for statistical analysis according to the overall scores: low expression scores from 0-2 and high-expression scores from 3-5. After the initial independent evaluation, both pathologists combined their scores and discussed the results to resolve any disparities in their independent scores.

Statistical analysis
--------------------

All data were analyzed by PASW Statistics ver. 18.0 (SPSS Inc., Chicago, IL, USA). The chi-square and Fisher exact tests were used to compare the levels of AEG-1 expression and the various clinicopathological characteristics between the groups. Bivariate correlations between two independent variables were analyzed by calculating Spearman correlation coefficients. Survival curves for overall survival (OS) and disease-free survival (DFS) were calculated with the Kaplan-Meier method and were compared by the log-rank test. Multivariate analysis of prognostic relevance was evaluated by multivariate Cox regression analysis. A P-value of \<0.05 was considered significant.

RESULTS
=======

AEG-1 expression in different HCC tissues
-----------------------------------------

We examined IHC staining of paraffin-embedded, archived HCC tissues from normal hepatocytes to highly infiltrated HCC to determine whether AEG-1 overexpression was related to the ES grading system. Only negative AEG-1 expression was observed in normal hepatocytes ([Fig. 1A](#F1){ref-type="fig"}). The frequency and intensity of AEG-1 expression increased gradually from ES grades I to IV and were highest in highly infiltrative HCC ([Fig. 1B-F](#F1){ref-type="fig"}).

Association between AEG-1 expression and HCC clinicopathological data
---------------------------------------------------------------------

We analyzed the relationships between AEG-1 expression and the HCC clinicopathological data. The clinicopathological characteristics of the two groups are shown in [Table 2](#T2){ref-type="table"}. As a result, AEG-1 expression was strongly correlated with tumor size (P = 0.002), histological differentiation (P = 0.009), BCLC stage (P = 0.001), modified UICC stage (P = 0.009), microvascular invasion (P = 0.007), metastasis (P \< 0.001), and PIVKA-II (P \< 0.001) in patients with HCC.

However, no significant correlations were observed between AEG-1 expression and clinicopathological variable such as age, sex, liver cirrhosis, portal vein invasion, or α-FP.

Spearman rank correlation analysis was applied to further confirm the correlation between AEG-1 expression and the clinicopathological characteristics. As shown in [Table 3](#T3){ref-type="table"}, the correlations between AEG-1 expression level and tumor size, histological differentiation, BCLC stage, modified UICC stage, microvascular invasion, metastasis, and PIVKA-II were significant at 0.4042 (P \< 0.001), 0.3969 (P \< 0.001), 0.3903 (P \< 0.001), 0.3510 (P = 0.001), 0.2931 (P = 0.006), 0.4109 (P = 0.001), and 0.4039 (P \< 0.001), respectively.

Univariate and multivariate survival analysis
---------------------------------------------

The Cox proportional hazard model was used to determine whether the independent factors affected the rates of OS and DFS in patients with HCC ([Tables 3](#T3){ref-type="table"}, [4](#T4){ref-type="table"}). The univariate analysis revealed that tumor size (P = 0.001), histological differentiation (P = 0.005), BCLC stage (P = 0.008), modified UICC stage (P = 0.005), microvascular invasion (P = 0.049), PIVKA-II (P = 0.005), and AEG-1 expression (P \< 0.001) were significant prognostic factors for OS in patients with HCC. Significant factors for DFS were tumor size (P = 0.001), portal vein invasion (P = 0.028), α-FP (P = 0.020), PIVKA-II (P = 0.002), and AEG-1 (P = 0.002). The multivariate analysis showed that tumor size (hazard ratio \[HR\], 2.285; 95% confidence interval \[CI\], 1.175-4.447; P = 0.015), microvascular invasion (HR, 6.754; 95% CI, 1.631-27.965; P = 0.008), and AEG-1 expression (HR, 4.756; 95% CI, 1.697-13.329; P = 0.003) were independent prognostic factors for OS ([Table 3](#T3){ref-type="table"}). Those for DFS were tumor size (HR, 2.245; 95% CI, 1.282-3.933; P = 0.005), and AEG-1 expression (HR, 1.916; 95% CI, 1.035-3.545; P = 0.038) ([Table 4](#T4){ref-type="table"}).

The Kaplan-Meier analysis and log-rank test were used to evaluate the relationship between AEG-1 expression and survival rates. The mean and median survival times in the low AEG-1 expressing group were 106 and 72 months, compared with 47 and 25 months for the high AEG-1 expressing group. Cumulative 5-year survival and recurrence rates were 89.2% and 50.0% in the low-expressing group and 50% and 82.4% in the high-expressing group, respectively. Survival time for the high expressing AEG-1 group was significantly less than that in the low AEG-1 expressing group (P = 0.001, log-rank test) ([Fig. 2](#F2){ref-type="fig"}). Recurrence rates were markedly higher in the high AEG-1 expressing group than those in the low AEG-1 expressing group (P = 0.001, log-rank test) ([Fig. 2](#F2){ref-type="fig"}).

DISCUSSION
==========

Only a few reports have shown that AEG-1 is strongly expressed in HCC samples \[[@B10],[@B16]\]. In our study, tumor size, stage, histological differentiation, microvascular invasion, recurrence, and distant metastasis were related to the AEG-1 expression level. AEG-1 expression was also related to short survival rates. In particular, tumor size and AEG-1 expression were independent prognostic factors for OS and recurrence. Hence, AEG-1 was significantly associated with poor prognosis, disease severity, and recurrence. Microvascular invasion was also a prognostic factor for OS.

Studies have suggested that AEG-1 is associated with HCC invasion and metastasis \[[@B10],[@B16]\]. And several studies have analyzed multiple mechanisms and intermediate markers for AEG-1 expression \[[@B9]\]. Hepatocarcinogenesis and a decrease in IL-6 were found in a mouse model that had HepG2 human hepatoma cells by AEG-1 knockdown \[[@B21]\]. AEG-1 expression regulates apoptosis, invasion, HCC cell viability by LY294002, and suppressed cell growth caused by the microRNA-375 *in vitro* and *in vivo* \[[@B14],[@B16]\]. Some reports have indicated a relationship between prognosis and markers, including the epithelial-mesenchymal transition, Huaier polysaccharides, and AEG-1 expression \[[@B22],[@B23]\]. AEG-1 functions include steatosis, hepatocarcinogenesis, and inhibition of senescence by activating the coagulation pathway in the Alb/AEG-1 mouse model \[[@B24]\].

Several studies have reported that overexpression of AEG-1 in various tumors is related to clinical prognosis \[[@B9]\]. Other studies have shown that high AEG-1 expression occurred in 54% of 323 patients with HCC and was related to factors such as microvascular invasion (P \< 0.001), pathologic satellites (P = 0.007), tumor differentiation (P = 0.002), and TNM stage (P = 0.001). However age, sex, liver cirrhosis, α-FP, tumor size, tumor encapsulation, and BCLC stage were not associated with AEG-1 overexpression. The 5-year OS and cumulative recurrence rates were 50.7% and 59.7%, respectively. The 5-year OS rate in the high AEG-1 expressing group was significantly lower than that in the low AEG-1 expressing group (37.4% vs. 66.9%, respectively) and the 5-year cumulative recurrence rate was also higher in the high AEG-1 expressing group (70.7% vs. 47.8%, respectively). Encapsulation, tumor size, microvascular invasion, TNM stage, and AEG-1 were independent prognostic factors for both OS (HR, 1.870; P \< 0.001) and recurrence (HR, 1.695; P \< 0.001) \[[@B9]\]. Another study showed that AEG-1 expression was significantly associated with American Joint Committee on Cancer stage (P = 0.020), T classification (P = 0.007), N classification (P = 0.044), vascular invasion (P = 0.006), and histological differentiation (P = 0.020). In addition, patients with high AEG-1 levels had shorter survival times compared to those with low AEG-1 levels (P = 0.001) \[[@B5]\].

Our study also showed that high AEG-1 expression occurred in 57 of the 85 cases (67%) and the 5-year OS in the high AEG-1 expressing group was significantly lower than that in the low AEG-1 expressing group (24.5% vs. 89.2%). The 5-year cumulative recurrence rate in the high AEG-1 expressing group was significantly higher than that in the low AEG-1 expressing group (82.4% vs. 50.0%). The rate of distant metastasis and recurrence in the high AEG-1 expressing group were 96% and 75%, respectively. These results suggest that AEG-1 might be a useful biomarker to identify the progression of high-risk patients. Approximately 40% of the patients (34 of 85) were TACE cases, and these were not significantly different. The majority of patients (73 of 85) had viral hepatitis and most were HBV positive. Approximately 82% of patients diagnosed preoperatively with liver cirrhosis were included in Child-Pugh A, and AEG-1 expression was not associated with TACE, HBV positivity, or liver cirrhosis in those patients.

Treatments for HCC depend on disease stage and grade \[[@B25]\]. Surgical resection, radiofrequency ablation, and liver transplantation are the treatments of choice when the disease is localized \[[@B26]\]. Surgical resection and transplantation are not amenable in many cases because of underlying liver cirrhosis and advanced cancer stage. Alternative treatments include local ablation and TACE. TACE and systemic therapy with doxorubicin alone or a combination with cisplatin, interferon, doxorubicin, and 5-fluorouracil (PIAF) are being used for advanced disease with moderate improvements in OS of 6.8-8.6 months \[[@B4],[@B25]\]. However, the recurrence rates for the remnant liver are high after surgery and the benefit to survival following chemotherapy was unclear in a randomized controlled trial \[[@B4]\]. In particular, AEG-1 contributes to 5-fluorouracil chemoresistance. AEG-1 augments expression of the transcription factor LSF (Late SV40 Factor), which regulates the expression of thymidylate synthase, a target of 5-fluorouracil \[[@B26]\]. Anticancer drugs and target therapy have been developed with advances in molecular biology. Sorafenib, an inhibitor of c-Raf and B-Raf kinases in the vascular endothelial growth factor (VEGF) receptor family, has been approved by the U.S. Food and Drug Administration. In a recent randomized controlled trial, sorafenib was associated with an increase in OS in patients with unresectable advanced HCC. Median survival for placebo-treated patients was approximately 7.9 months, whereas sorafenib-treated patients survived 10.7 months \[[@B27]\]. Other target therapeutic agents include those for the fibroblast growth factor receptor, the VEGF receptor, epidermal growth factor receptor, the platelet derived growth factor receptor, an mTOR inhibitor, and a VEGF antibody, which are currently being studied \[[@B28]\]. Hence, anticancer therapy for HCC remains a major clinical challenge.

Autoantibodies against tumor-associated antigens are present in the blood of patients with cancer \[[@B29]\]. Determining the anti-AEG-1 antibody titer as a serum biomarker for cancer is an encouraging approach, but comparative studies must be carried out to establish its specificity and selectivity versus other currently employed serum biomarkers. As AEG-1 overexpression is detected on the cancer cell membrane, it is hypothesized that patients with cancer may have elevated serum levels of anti-AEG-1 antibody. Sera from 483 patients with cancer were analyzed by ELISA to detect the anti-AEG-1 antibody using the lung-homing domain (amino acids, 381-443) of human AEG-1 as the antigen. In that study, the antibody titer increased with stage; thus, the anti-AEG-1 antibody might be a marker for cancer progression \[[@B18]\].

In conclusion, our results showed the AEG-1 was overexpressed in HCC specimens. Thus, AEG-1 expression may serve as a valuable prognostic marker. We demonstrated that AEG-1 plays a significant role in proliferation and metastasis in patients with HCC. However, some limitations of our study should be mentioned. Further multicenter investigations and functional studies are needed to verify our findings. More extensive research will be needed to use AEG-1 as a tool in clinical diagnostic laboratories, as a monitor during target therapy, cancer progression, and cancer relapse, and for defining the efficacy of cancer therapy.
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![(A) Astrocyte elevated gene-1 (AEG-1) was not expressed in the cytoplasm of normal hepatocytes. (B) AEG-1 was mildly expressed in tumor cells of Edmondson and Steiner (ES) grade I hepatocellular carcinoma (HCC) (score, 1). (C) AEG-1 was moderately expressed in the cytoplasm of ES grade II HCC (score, 2). (D) AEG-1 was strongly expressed in the cytoplasm of ES grade III HCC (score, 3). (E) AEG-1 was strongly expressed in the cytoplasm of ES grade IV HCC (score, 3). (F) AEG-1 was strongly expressed in the cytoplasm of highly infiltrative HCC (score, 3). Scale: A-D, 50 µm; E-F, 100 µm.](astr-88-77-g001){#F1}

![Overall (A) and disease-free survival (B) of all the patients with hepatocellular carcinoma (HCC) in the two astrocyte elevated gene-1 (AEG-1) expression groups. The 5-year overall (A) and disease-free survival (B) were 24.5% and 17.6% in the AEG-1 high expressing group (thick line) and 89.2% and 50% in the low AEG-1 expressing group (dotted line).](astr-88-77-g002){#F2}

###### 

Demographic and clinicopathological parameters of HCC patients (n = 85)

![](astr-88-77-i001)

Values are presented as number (%) unless otherwise indicated.

HCC, hepatocellular carcinoma; AJCC, American Joint Committee on Cancer; BCLC, Barcelona Clinic Liver Cancer; UICC, Union for International Cancer Control; PIVKA-II, prothrombin induced by vitamin K absence II; TACE, transarterial chemoembolization.
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Relationship between AEG-1 expression and clinicopathological data in HCC
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HCC, hepatocellular carcinoma; BCLC, Barcelona Clinic Liver Cancer; UICC, Union for International Cancer Control; PIVKA-II, prothrombin induced by vitamin K absence II.

^a)^Chi-square test. ^b)^Spearman rank correlation.
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Univariate and multivariate analysis of overall survival rate in HCC patients with Cox proportional hazards model
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HCC, hepatocellular carcinoma; HR, hazard ratio; CI, confidence interval; BCLC, Barcelona Clinic Liver Cancer; UICC, Union for International Cancer Control; PIVKA-II, prothrombin induced by vitamin K absence II; AEG-1, astrocyte elevated gene-1.

###### 

Univariate and multivariate analysis of disease-free survival rate in HCC patients with Cox proportional hazards model

![](astr-88-77-i004)

HCC, hepatocellular carcinoma; HR, hazard ratio; CI, confidence interval; BCLC, Barcelona Clinic Liver Cancer; UICC, Union for International Cancer Control; PIVKA-II, prothrombin induced by vitamin K absence II; AEG-1, astrocyte elevated gene-1.
